Background: Coronary artery disease (CAD) is one of the major causes of death worldwide. There is a direct relationship between increased levels of blood cholesterol, triglycerides (TG), low density lipoproteins (LDL), high density lipoproteins (HDL), nitric oxide (NO), and high sensitivity C-reactive protein (hs-CRP) and the CAD. Walnut may reduce these factors and consequently decrease the risk of CAD. Objectives: The aim of this study was to evaluate the effect of walnut consumption on TG, LDL, cholesterol, HDL, NO, and hs-CRP in patients with CAD and healthy people.
Background
Coronary artery disease (CAD) is one of the major causes of death and disability worldwide (1, 2) . Ischemic heart diseases account for half of the total deaths in developed countries (3) . Coronary heart disease (CHD) is one of the leading causes of disease burden in developing countries (4) . According to the Iran's health ministry, 46% of the total death rate is due to cardiovascular diseases in Iran (5) . Studies on arteriosclerosis indicate that fatty streaks represent as the primary indicator of arteriosclerosis, which results from focal increasing of lipoproteins in intima layer of the artery. These lipoproteins can accumulate by binding to the extracellular components of the arterial intima and hence enhance the residence time of the lipid rich particles within the arterial wall (6) . Epidemiological and experimental studies showed that increasing in blood cholesterol is considered as the most important risk factor associated with CHD in which one percent increase in blood cholesterol would enhance a two-percent increase in the CHD incidence (7) . Variation in a diet-fat quality of people with hyperlipidemia is of special importance and walnuts are among the foods recommended to reduce blood lipid. Walnut consists of poly-unsaturated fatty acid (PUFA), 47% of total weight, mainly linoleic acid (LA) and alpha-linolenic acid (ALA), 9%, and it is free of cholesterol and trans fatty acids and is unique due to having ALA (8, 9) . Walnuts contain the amino acid L-arginine, which is used for the nitric oxide (NO) formation. The NO is a substance, which is mandatory to keep heart flexibility. In addition, walnuts contain phytosterols, which are beneficial for heart (10) . Due to having poly-phenolic substances which are regarded among strong vitamin E antioxidant ingredients, walnuts decrease LDL and prevent from arteriosclerosis (11) . Walnut is a rich source of fiber in which there is almost 9.7 g of fiber per 100 g of it.
It was shown that fiber-rich foods can reduce cholesterol levels and prevent heart diseases and strokes (12) . There are controversial reports regarding the effect of walnut consumption on blood lipid. Some reports showed an increase in high-density lipoprotein cholesterol (HDL-C) while others demonstrated a decrease in HDL-C levels. However, in majority of the studies it was shown that walnut did not have any effect on HDL-C levels (13, 14) . In addition, few studies pointed to walnut effect in decreasing the blood triglyceride levels (15) . However, there is no data to verify these effects (16) . Based on the previous reports, walnut consumption showed a reduction in low-density lipoprotein cholesterol (LDL-C) and total cholesterol (TC) (16, 17) . While previous studies indicated that LA and ALA cause a decrease in the Creactive protein (hs-CRP) level, there are few reports on these effects (17, 18) . Walnuts contain a very high level of arginine, a substrate for NO synthase enzyme to be turned into cytrolin and NO, and hence it is expected that walnut consumption would cause an increase in NO level. Walnut is a plant-based essential omega-3 fatty acid that has been shown to elicit anti-inflammatory and antiatherogenic effects (9).
Objectives
This study aimed to examine the effect of walnut consumption on serum lipids as well as serum hs-CRP and NO levels in patients with CAD, who had medical files in Hamadan Ekbatan Hospital (Iran), and healthy people.
Patients and Methods
A crossover clinical trial was conducted on 70 patients with CAD (60 males and 10 females, age range of 40-85 years) having medical files in Hamadan Ekbatan Hospital. To calculate the sample size, we used the mean and standard deviation of the results of other similar studies conducted in other countries previously. Seventy people were selected and the samples were calculated at the 95% confidence interval and. The patients were allocated into two-equal groups, case and control, to perform a crossover study in which both groups were similar and only varied in their diets. To enroll in the study, the participants should not have metabolic disorders such as diabetes and goiter; they should not smoke and should not be allergic to walnut and should not be taking cholesterol lowering drugs or supplements or nitrate compounds. However, practically we could not apply the last standard by patients. The protocol and consent form were approved by the Ethics Committee of Hamadan University of Medical Sciences (K/1/14/31).The case group received normal diet plus walnuts and the control group received only normal diet. The walnut was taken as three servings per day. Participants consumed three servings daily for one month and the consumption was controlled by the nurses. Three servings consisted of 13.3 grams of walnuts with each meal and a total consumption of 40 grams daily. The diet continued for 4 weeks. After 4 weeks, blood samples were taken from the participants in both case and control groups. Since according to some studies, plasma lipids and lipoproteins would be stabilized in less than 4 weeks(e.g. 2-3 weeks) and in the other studies there is no washout period (8, 19) , in this study we had a 2-week washout period to be sure that the level of lipids and lipoproteins in plasma is stabilized (20) ; the same diet regimen was conducted in two groups for another 4 weeks, while the case and control groups were displaced. In this round, the control group was regarded as the case with a normal diet and daily walnut consumption and vice versa. The blood samples were taken from the participants in both groups (case and control) at the end of 4 weeks. Blood samples were collected in the morning after an overnight fast and were allowed to clot at room temperature for 1 hour. Serum levels were separated by centrifugation and kept at -80˚C until the analysis. The second part of the study was conducted to examine the effect of walnut consumption on healthy people. The healthy participates were selected in a way to have no significant difference in age and gender with the groups of patients with CAD. Similarly, healthy participants consumed three servings daily for one month. Three servings consisted of 13.3 grams of walnuts with each meal and a total consumption of 40 grams daily. To make sure that all the people in healthy group followed the diet regularly, every week we control the walnut consumption by the phone to make sure about the daily consumption of walnut. After 4 weeks, blood samples were collected in the morning after an overnight fast and were allowed to clot at room temperature for 1 hour. Serum were separated by centrifugation and kept at -80˚C until the analysis. Triglyceride, cholesterol, LDL-C, HDL and TC were measured using commercially available kits (Pars Azmoon, Iran). The level of NO was measured using the Griess reaction method. Moreover, the hs-CRP level was measured by commercial kits (Pars Azmoon, Iran) (21, 22) . T-test was used to compare changes in outcome variables in response to the dietary treatment. Analyses were performed with SPSS software version 13.0.
Results
The mean age of patients with CAD was 57.07 ± 11.56 years, which showed no significant difference compared with the mean age of healthy participants (53.73 ± 6.49 years). No significant difference was observed in the mean levels of cholesterol, LDL, HDL in the CAD patients with or without walnut consumption (Table 1) . There was a significant difference in the mean levels of LDL and cholesterol before and after walnut consumption in healthy people group (P < 0.01). As indicated in Table 2 , LDL and cholesterol levels were lower after daily walnut consumption in healthy participants as compared with those who didn't get walnut. Results showed no significant difference in these parameters after taking daily walnut inpatients with CAD. The addition of walnut in diet resulted in reducing total cholesterol and LDL-C levels; however, it did not affect the TG, HDL-C, hs-CRP and NO levels in healthy people. 
Discussion
Decreasing the cholesterol and LDL-C levels in this study are in accordance with previous studies that showed taking walnuts in diet caused a reduction in total cholesterol and LDL levels (7, 8, 13) . Previous studies (7, 8, 23) showed the hypocholesterolemic effect of walnut in males and females with hypocholesterolemia after daily taking of 56, 50 and 48 grams of walnuts, respectively (7, 8, 13) . Other studies showed walnut hypocholestrolemic effects in healthy males and females while taking 58, 84 and 68 grams of daily walnut, respectively (14-16).Alpha-linolenic acid in walnut reduces LDL-C concentration through increasing the LDL-C receptor activity, prevention of VLDL to LDL-C conversion, decreasing in VLDL synthesis, and by increasing in LDL-C particle tendency to attach LDL-C receptors in hepatic G2 cells due to transformation of LDL-C particle complemented with ALA (24, 25). Sabate et al. reported that serum TG level reduced in healthy people after taking 84 grams of daily walnuts (15) while our data were in agreement with other studies that walnuts exert no effect in reducing blood triglyceride (7, 8, 13) . The effect of long-chain omega-3 fatty acid in reducing blood triglyceride in patients with hypertriglyceridemia has been reported to be intermediate (26, 27) . It was hypothesized that the walnut ALA as a precursor for Eicosapantenoicacid (EPA) and Docosahexaenoicacid (DHA) exert similar effect as long-chain omega-3 PUFA fatty acid in reducing blood TG (28, 29) . However, in this study walnuts had no effect in dropping blood TG which might be due to a competition between LA and ALA for denaturizing the enzyme. The LA/ALA ratio of around 4 is suitable for conversion of ALA into a long change metabolite (30, 31) . In the present study, this ratio was possibly more than 4, which consequently reduced the potential of the conversion of the ALA to the long-chain metabolite. The increase in EPA occurs with taking oils rich in ALA with low LA/ALA ratio of less than 3 which could not be simply reached by introducing of walnut to the daily diet (13, 32) . Therefore, ALA and PUFA fatty acid (marine omega-3 type) have unique physiologic characteristics (33) . According to the conducted research, marine sources of omega-3 fatty acid such as fish oil have higher hypotriglyceridemic effects compared to ALA, particularly in patients with hypertriglyceridemia (34) . Another affecting reason for the lack of walnut effect on triglyceride level is the high ratio of PUFA to mono-unsaturated fatty acid (MUFA) in walnut. Some studies indicated that MUFA fatty acids have higher hypotriglyceride characteristics than PUFA (19) . Based on the results of the present study, the triglyceride level was not reduced after 40 grams of daily walnut consumption, which was in line with other studies that walnut exert no effect on blood triglyceride levels (7, 8, 13) . In addition, no significant difference was observed in HDL-C level which was in line with most of the previous studies mentioned the lack of walnut effect on HDL-C level (8, 23) . According to Avedrine (1991), HDL-C level increased after taking walnuts on daily diet (35) . Clinical studies showed that taking high-lipid diet increases HDL-C levels through increasing the apolipoprotein Al in transportation or reducing its catabolic speed, conversely low fat diet drops the HDL-C levels through lowering lipoprotein lipase activity which hence resulted in a reduction in VLDL hydrolysis and HDL-C production (36, 37) . In addition, lecitine cholesterol aciltransferase (LCAT) facilitates taking and joining cholesterol by HDL-C. Generally, PUFA fatty acids are weak substrates for Phosphatidylcholine-esterol O-acyltransferase (38) . This might justify a reduction in HDL-C levels after walnut consumption in this study. No significant difference was observed in TC/(HDL-C) ratio. Walnuts consist of botanical proteins, fibers, vitamin E, folic acid, niacine, pyridoxine, and minerals such as magnesium, zinc, cooper, and potassium. Walnuts are also a source of active biological compounds, such as ellagicacid, flavonoids and phenelic compounds (39, 40) . Botanical sterols in walnut may play a role in its hypolipidemic characteristics. Botanical sterols exist in nuts can drop the cholesterol level by blocking its absorbance (41, 42) . Walnuts are rich in arginine (43) and low lysine to arginine ratio plays a role in serum cholesterol level (40) . Saturation of LDL-C particles with PUFA fatty acids in walnut does not alter their resistance to oxidative stress. Walnut due to having antioxidant properties, alpha tocopherols and other phytochemicals and polyphenolics inhibit LDL-C oxidation (44, 45) . In conclusion, the present study showed that introducing walnuts in healthy people diet could significantly reduce TC and LDL-C levels in people having normal cholesterol levels, but such variations was not observed in patients with CAD. This might be possibly due to medicine interference or it is likely that walnut effects would be achieved in higher dosage of consumption in people with CAD. No variations in NO and hs-CRP levels were observed in both healthy participants and patients with CAD. As indicated before, increasing in blood cholesterol is considered as the most important risk factor associated with CHD. Although walnut consumption did not affect cholesterol levels in patients with CAD, the daily walnut consumption would lower blood cholesterol and might be administrated as an agent for reducing the cholesterol level, which is one of the risk factors in CAD. Further investigation should be conducted to evaluate whether the increase in daily walnut consumption and administration dosage might cause a reduction in cholesterol levels in patients with CAD. Although the walnut consumption did not affect cholesterol levels in patients with CAD in this study, it may be due to the low-dose of walnut and thus by increasing the amount of walnut consumption this factor may be decreased (46) ; therefore, by increasing the intervention period, the risk factors may be decreased too (47) . Although in this study, the walnut daily consumption can decrease the blood cholesterol and LDL levels in healthy people, the effects of walnut on the other factors need to be further investigated.
